The synthesis of Ti3SiC2 powder by mechanical alloying (MA) from elemental Ti, Si and C powders and evaluation of some properties of the sintered compacts of the MA powder were conducted. MA was carried out by vibratory ball milling and planetary ball milling. The influence of parameters, such as running time, ball size and rotation speed on MA powder were examined. The annealing of the MA powder was done at various temperatures and holding times. The MA powders could be sintered to dense Ti3SiC2-based ceramics which contained TiC as a secondary phase. Mechanical, thermal and electrical properties of sintered compacts were evaluated. The Ti3SiC2-based compact showed low hardness, high Young's modulus, and plastic behavior at high temperatures over 1373 K , And the compact showed high thermal expansion, high thermal conductivity, and higher electrical conductivity than other conventional ceramics.
Introduction
Ceramic materials generally exhibit good heat resistance and corrosion resistance. However, the problem "It is brittle" is enumerated as one of common problems of ceramics. In recent years Ti3SiC2 has attracted much attention as a material with which this brittleness problem would be solved. The ternary compound Ti3SiC2 shows a unique combination of the ceramic properties such as high Young's modulus, good heat resistance , good oxidation resistance, and the metallic properties such as good electrical conductivity, low Vickers hardness, good fracture toughness. From these features, applications to machinable ceramic components and high temperature electrode materials are expected.
The ternary compound Ti3SiC2 was first synthesized in 1967 by Jeitschko and Nowotny . Ti3SiC2 crystal is hexagonal and consists of planar Si layers linked together by TiC octahedral array. In 1987, Goto and Hirai prepared single-phase Ti3SiC2 films by chemical vapor deposition (CVD) and found that Ti3SiC2 is a soft ceramic with low hardness. Recently, pressurized reaction sintering such as hot pressing or hot isostatic pressing has been the major method to synthesize Ti3SiC2. In 1987 Barsoum and ELRaghy successfully synthesized high purity Ti3SiC2 polycrystals by reaction hot isostatic pressing and reported its mechanical property.
The Ti3SiC2 prepared by pressurized sintering is a dense compact and high purity. But this method has so low productivity that it would not suit for practical mass production. However, when a mixed elemental powder is sintered at atmospheric pressure, porous compact is usually obtained because of the occurrence of combustion synthesis reaction. So we tried to synthesize dense Ti3SiC2 compact by using mechanically alloyed (MA) elemental powders and sintering at atmospheric pressure whereby, the combustion reaction will be modulated. In the present study, by using MA process, dense compacts with a uniform composition were able to be obtained, though it contained TiC as a secondary phase.
With the obtained dense compacts, we examined the influence of the included TiC to mechanical, electrical and thermal properties, as well as oxidation resistance of the compacts. ) show SEM micrographs of the cross sections of the samples sintered at 1 atm and 10 atm respectively. The micrographs show composite phases, which consist of plate-like grains of Ti3SiC2 and mixed fine grains of Ti3SiC2 and TiC. The Ti3SiC2 content in the compact was about 77 vol% in case of latm pressure sintering. The content of Ti3SiC2 was found to be about 84 vol% by raising the sintering pressure to 10 atm. It is considered the reason for this improvement is that the raising sintering pressure prevented volatilization of carbon from carbonheater and thus suppressing carbon-potential. The carbon content difference between the two samples was however not so large (7 vol%) , and the microstructure is seen almost similar. Fig.2 shows Vickers hardness as a function of indentation load. The hardness data of the sample that contains 97 vol% Ti3SiC2 synthesized by HIP are also shown as a comparison. At lower load, Vickers hardness is found to decrease with increasing the load. The hardness of the sample sintered at 1 atm is seen to converge on about 6 GPa and for the sample sintered at 10 atm, it is about 5 GPa. Vickers hardness of Ti3SiC2 (4 GPa) is reported to be lower than that of TiC (31.4 GPa). So the present sample's hardness are higher than that of pure Ti3SiC2. Likewise, the hardness of the sample sintered at 10 atm with higher Ti3SiC2 content is lower than the hardness of the sample sintered at 1 atm. Fig. 3 shows an optical micrograph of the indentation damage. The lamellar grains in Ti.3SiC2 are easy to slip along basal plane. So, an extensive delamination on the basal planes caused an out-of-plane deformation at this region. The smaller indentation mark means the more significant influence of the out-of-plane deformation. So the hardness apparently decreased with increase of indentation load. Table 1 shows the result of four point bending test at room temperature. The data of the sample synthesized by HIP are also shown. Fig.4 shows load-deflection curves Also included are the data of the sample synthesized by HIP. Fig.9 The weight gain versus time per unit area of the sample sintered at 1 atm oxidized at the temperature range from 1173 K to 1273 K. The SEM-EDX analysis of the cross section of the sample oxidized 18 h at 1473 K.
shows (1) The present samples exhibited higher Vickers hardness owing to higher TiC content. (2) Below the BDTT, regardless of the TiC content, the samples exhibited similar deformation behavior, and the sample from the MA powders exhibited slightly lower bending strength than that by HIP, because of the coarser grain size. (3) The sample from the MA powders exhibited lower BDTT than that by HIP. This is considered to be due to the lower softening temperature of TiC.
(4) Electrical conductivity of the samples from the MA powders exhibited slightly lower values than those of the samples obtained by HIP.
(5) Thermal diffusivity and thermal conductivity of the samples exhibited similar values to the HIPed samples regardless of the TiC content.
(6) The samples from the MA powders exhibited good oxidation resistance, being comparable to the samples synthesized by HIP. In the temperature range of 1373 -1473 K , the oxidation curves follow parabolic rate law.
